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IN THE SPKC IFICATTON- 

He- amend ,He „ ^ ^ „ ^ ^ ^ 

grating or an Echelle lens grating.. Eche " e d,ffiac,K,n 

Heaae amend fc paragraph begimtag „ ^ ^ rf ^ ? ^ ^ _ ^ 

" 26 show s a top cross sectional view taken within tu 
. • * cw uucen within the waveguide of the 

rtr* deviw i " usta " i,,6 - » r — - <*cr 

m outhne of regiM 
diffraction grating is shown;- 

Plaase amend ,he paragraph beghmiog a, U„. 6 „, g , 6 to Kad . ^ 

ootic I ^ S "° WS 3 SeMi,>,la, *" """" *™* "» "-guide of the 

^ **• ".mating the foeusing 0 f mnWple opfa! * 

* — EcheUe iena grating show. „ m . 25& _ ^ ^ fj^ 
ohangeahte p ropagalion ^ ^ ^ fc ^ ^ ^ J_ *» 

Plaase amend ft. paragraph beginning a, fc. ,2 nfpag. 6 to read as folW 

■" '°- 3 °B sh °« ■ •* view of one embodiment of an optica! waveguide device 
" ,a,mC " ,deS 3 "0 iaeonngured to act as au opdcal lens;- 

Please amend me parcg^b begimdng „ , lne u of page 6 „ read _ ^ 

-PIG. 30A shows a top c ross seotiooa! view taken through the waveguide of the 
optica] waveguide device shown in FIG 30R illnotra*- ■■ ,. agmaeotthe 
waveguide;- 2 ' g "' "■"»«* lhe 
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Please tnnend the W ^ 

-FIG "? l "R ad as follows: 

n<J. 3 IB shows a top view of another emhnrW * e 

-riu. J I A shows a top cross sectional view taken rt»™. v .. 
optical waveguide device shown i„ HO 3 ,B ill , ^ t " * e 

waveguide;- ~ «™>& the 

^cathTLlTzr^''^^^ 0 '™— 

etudes a grohog, and ,s configured to act as an optical iens;- 

Please aroeud ti. pa^groph hegiuning a, la, 22 „, page 6 „ Kad „ 

32A sh °« a lop cross sectional view taken thro,,,* * „ 
optica, waveguide device shown in PIG. 32ft- ^ ° f " 

Please aroend the t beginni „ g „ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

2500 roavT J , "° e,nbt ""' mM, ^ «""»« 2500 ' ^ B** Wing 

andS k J . 8atee ' eC "° d ' : - e Echelle grating 2500 is altered from the FIGs I to 3 
and 5 enthodttnen, of optical waveguide device ,00 * re p laci „ e fr. ^ 

sr. r tw ° para " ei swk 2504 -* 2506 2506 * *» - * 

se Slde 25 10 > 311(1 a Planar grooved surface 2512.- 

Please areend «he paragraph hogging „ lta « „ of p , ee ,„ ^ _ ^ 
-The nse portion 2517 defines ,he difference in distant ta <ach 

grooves 25,5aree<ual, and the -Portion 2517 e,uals sotoeintegerntnltip.eof the 
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° f '* > * ■» «- -*« by EcheUe grata* 25 „„ Tw 
exempli «d jacalt 8 jrng 2S00. T„„ 

between me g^roves 2515aand 2515 „ J ™ * * <>* *— 

.he HO 25A . „ h- nUnlberS ° f individnals ^oovea 2515 in 

the FIG. 25 A embodiment of Echelle shaped gate elcctmdi* ??rvr 

thousand, and Wore the «i„ . 2 m " y ' wra ' ch man y 

foetal , "' -« « 

Pleaae amend the „ ^ a , u „ c , „ ^ ft] ^ ^ ^ ^ 

constanUOO h T *" ^ ^ ^ ™<* of changeaMe propagation 
constant 190 shaped as an Echelle eratine 2SfV) n™,* ^ i^uun 

^ 8 500 - When voltages are appliec to the FIG ?<, a 
06 «, to ddfrae, Iig h, ot foeua lig ht. ,» Otia seenon, it is asslmKd ^ fte ^ 
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applied to the gate electrode is biased so th*» f^ii 

a , A . . dSOtheEcheIle acts to difi&actlieht 

aIthoughe q u 1 v a le„ttechni q ue S vvouIdap pl yfo r fo CUS in e li e ht a . 

of this disclosure -. 6 hght ' ^ COnsidered a 



Please amend the paraph beginning at line 17 of page 61 to read as follows- 
-In FIG. 26, three input light beams 2606, 2607, and 2609 extend into the 

b^ally ^^^^rt^^^^n 
ofthe projected region of changeable propagation constant 190. Tie projected re r 
changeable propagation constant 190 as shown in FIG 26nre • ^^^^^ 
size ofthe Fic i<a u precisely mirrors the shape and 

ofthe FIG. 25A embodiment of Echelle shaped gate electrode ^ ^ 9 

Projected regmn of changeable propagation extant 1 90 can be viewed as exldin! 

es 2505 m the FIG. 25 A embod 1 m e nt of Echelle shaped gate eleelrode 2502 may 
approach many thousand to p „ vide ^ ^ 

---- a. reto 've, y aoaall. „ „ therefore ^ fc "^f 



PI— a^end ,he pa ragrap h begi^ag a.iiael, of page 62 , 0 ^ M ^ 
-The m ,ddle iopu, | ight beam 2607 ^ ^ „ 

tarn he EcheUe gradag. , f ,he re is „„ vohage applied to the ^ eltctrode> ^ toe 

.he reg ,oo f changeabfe p^opagadop co„ s «« 19 0 is ctaged fa. ta oulsida Ae 
J. of change,*. p I „p agaBon conslan( . T „ e ^ ^ ^ 

ch^geahle propegadoo co^, 1M ^ g^ ^ 
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Hghtbea. 26 07tn r ou 8 hanan g lee dl alo Qg p ath2612b . If fo e voltage is mcrea^ foe 
amount of Effraction is also increased te along the path shown at 2612c- 

Please amend the paragraph beginning at line 16 of page 64 to reac. as follows- 

-The FIG. 25A embodiment of Echelle grating 2500 can be used not only as a 
d-ffractmn grating as described relative to FIG. 26, but the same structure can also be 
*«d to perform as a Jens to focus Hght Tq ^ ^ a ^ ^ uy ^ ^ 

the Echellegrating 2500 applied between the gate elect.de and the combined first body 
contact/second body contact electrodes is opposite that shown for the FIG 26 
embodiment of the diffraction grating - 
Please amend the paragraph beginning at line 22 of page 64 to read as follows- 

--FIGs. 28 and 29 show three input light beams that extend into the region of 
altered propagation constant 190 in the waveguide are shown as 2806, 2807 and 2809 
The mput light beams 2806, 2807, and 2809 are shown as extending substantially parallel 
to each other, and also substantially parallel to the side surfaces 2520 2522 of the 
projected region of changeable propagation constant 190. The projected region of 
changeable propagation constant 190 shown in FIGs. 28 and 29 generally mirrors 
verucally through the height of the waveguide the shape and size of the FIG 25A 
embodiment of Echelle shaped gate electrode 2502,- 

Please amend the paragraph beginning at line 9 of page 67 to read as follows: 

-FIG. 30fi shows another embodiment of an optical waveguide device 100 
-eluding a grating 3008 that is used as a lens to focus light passing through the 
waveguide. The embodimentof optical waveguide device 100, or more particularly the 
FIG 2 embodiment of the gate electrode of the optical waveguide device, is modified by 
replacmg the continuous gate e.ectrode (in FIG. 2) with a discontinuous electrode in the 
shape of a grating (shown in FIG. 30B). The grating 3008 is formed with a plurality of 
etchings 30.0 that each substantially parallels the optical path 101 of the optical 
waveguide device. In the FIG. 30B embodiment of grating 3008, the thickness of the 
successive etchings 3010 to collectively form gate electrode ,20 increases toward the 
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cesder • rf the opucal waveguide device, and decreases toward ,he edges 120a, ,20b of the 
gate electrode 120. rWorn, me regi o» ofch „ ^ ^ 

wavegurde is thicker a. those regions near the center of, he waveguide. Convey the 
regmn of changeable propagation constant 190 becomes progressive!, thinner at those 
regtons of the waveguide near edges .20a, 120b. Tlre propagadon Canaan, is a factor of 
both ,he volume and the shape of the material used ,„ form the gate electrode The 
pmpagation constant is thus higher for those tegions of changeable propagation constant 
closer to the center of the waveguide.-- 

Please amend the paragraph beginning at line 25 of page 67 to read as follows: 

--Light is assumed to be entering the waveguide 106 following substantially 
parallel paths as shown by exemplary paths 3012a and 3012b. Path, 3012a and 3012b 
represent two paths traveling at the outermost positions of the waveguide. The locations 
between paths 3012a and 30,2b are covered by a continuum of paths that follow similar 
route, When sufficient voltage is applied to the grating shaped electrode, the light 
following paths 30,2a and 3012b will be deflected to follow output paths 3014a and 
30,4b, respectively. Output paths 3014a and 3014b, as well as the paths of a,, the output 
paths that follow through the waveguide under the energized grating 3008 will be 
deflected a slightly different amount, all toward a focus point 3016. The FIG 30B 
embodiment of the optical waveguide deviee therefore acts as a lens. The grating 3008 
though spaced a distance from the waveguide, can be biased to direct the light in a 
manner similar to a lens.- 

Please amend the paragraph beginning at line 11 of page 68 to read as follows: 

-The reason why the embodiment of grating 3008 shown in FIG. 30 acts as a lens 
.s now described. Light traveling within the waveguide requires a longer time to travel 
across those regions of changeable propagation constant at the center (i e taken 
vertically as shown in FIG. 3013) that those regions adjacent the periphery of the lens 
0-e., near edges 120a, 120b). This longer time results because the propagation constant is 
gieater for those regions near the center. For light of a given wavelength, light exiting 
the lens will meet at a particular foca, point. The delay imparted on the passing through 
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the region, of changeable propagation constant nearer the center ofthe lens will be 
different from that ofthe light passing near edges 120a, 120b. The total time required for 
the hght to travel to the focal point is made from the combination ofthe time to travel 
through the region of changeable propagation constant 1 90 added to the time to travel 
from the region of changeable propagation constant 190 to the foca! point. The time to 
travel through the region of changeable propagation constant 1 90 is a function ofthe 
propagation constant of each region of changeable propagation constant 190. The time to 
travel from the region of changeable propagation constant 1 90 to the focal point is a 
function ofthe distance from the region of changeable propagation constant 190 to the 
focal point. As a result of the variation in propagation constant from the center ofthe 
waveguide toward the edges 120a, 120b, a given wavelength of light arrives at a focal 
point simultaneously, and the lens thereby focuses the light- 



Please amend the paragraph beginning at line 4 of page 70 to read a 5 follows: 

-FIGs. 30B and 3 IB show two embodiments of optical waveguide devices that 
perform waveguide Fresnel lens functions. The two-dimensional Fresnel lenses follow 
the phase modulation like their three-dimensional lens counterpart: 

Hx) = Aftx) + 2mn 13 

for x™ <|x|<x m+I , the phase modulation Aa)(x,„) = 2mn, which is obtained by segmenting 
the modulation into Fresnel zones so that <f, F (x) has amplitude 2n. Under the thin lens 
approximation, the phase shift is given by KAnL. Therefore, the P ha,e ofthe wavefront 
for a specific wavelength can be controlled by the variations of An and L. If An is varied 
as a function of x, where die lens thickness, L, is held constant, as shown in FIG. 30B, it 
is called the GRIN Fresnel lens and is described by: 

An(x) = An max (^F(x)/2jt +1) 14- 
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Please amend the paragraph beginning „ „„ e M of pase „ , 0 ^ ^ ^ 

•-HO. 32B shows one eobrxltaen. of optica) wavegrnde device JflO ,ha, operates 
as a gradrenMoickness Fresne! lens where An is he,d _ The tindmeas of tire ,cns 
L has the following functional form: 

Lfe) = £<max(fo(x)/2x -f /; 15., 

Please amend the paragraph beginning at line 20 of page 70 to read as follows: 

-To have 2n phase modulation, in either the FIG. 30B or FIG. 3 IB embodiment 
of the lens, the modulation amplitude must be optimized. The bimuy approximation of 
the phase modulation results in the step-index Fresnel zone lens. The maximum 
efficiency of 90%, H m i te d only by diffraction, can be obtained in certain lenses,- 

Please amend the paragraph beginning at line 25 ofpage 70 to read as follows: 

-Another type of optical waveguide device has been designed by spatially 
changing the K-vector as a function of distance to the central axis, using a so-called 
carped grating configuration. In chirped grating configurations, the cross sectional areas 
of the regton of changeable propagation constant 190 are thicker near the center of the 
waveguide than the periphery to provide a greater propagation constat as shoW n in the 
embodiment of FIG . 30B. Additionally, the output of each region of changeable 
propagation constant 190 is angled towards the focal point to enhat.ee the deflection of 
(he hght toward the deflection point. This architecture of FIG. 32B embodiment of the 
chtrped grating waveguide lens results in index modulation according to the equation: 
An(x) = An cos[A<fi(x)J - An cos {Kn e [Kn e (f- 1 6~ 

Please amend the paragraph beginning at Une 19 ofpage 71 to read as follows: 

-In the embodiment of the optical waveguide device as configured in FIG 32B 
adjustments may be made to the path length of the light passing duough the waveguidT 
by using a gate electrode formed with compensating prism shapes. Such compensating 
pnsm shapes a re configured so that the voltage taken across the gate electrode (from the 
S1 de of foe gate electrode adjacent the first body contact electrode to the side of the gate 
electrode adjacent the second body contact electrode) varies. Since the voltage across the 
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gate electrode varies, the regions of changeable propagation consnta, wiM similar* vary 
across ,he wid«h of the waveguide. Such variation in ft. vo.tage will liMy resu „ „ . 
greater propagation of the light paring through ore waveguide a, different tocadona 
across the width of the waveguide.- 
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